We have established a genetic quality testing system for early stage embryos of the mouse. A method of preparation of template DNA for PCR was established using the lysis buffer (1 × PCR reaction buffer supplemented with proteinase K at a concentration of 40 µg/ml) developed by the authors. We demonstrated that two 8-cell embryos of an inbred strain provide sufficient volumes of template DNA for PCR to identify the strain of embryos using four microsatellite markers (D3Mit54, D5Mit18, D6Mit15 and D8Mit50) differentiating 13 inbred strains of mice. This system will be useful in embryo banks that have recently been established worldwide for demonstrating the genetic accuracy of a given strain prior to recovery of live animals.
Introduction
Embryo banks have recently been established in Japan [1] , the USA [8] and Europe [5] . Cryopreservation is only the method of preserving for long periods laboratory mouse strains developed by ordinary crosses and genetic engineering techniques. Also, transport of the frozen embryos and gametes (ova and sperm) has become common, because transport of live animals is more expensive and may lead to microbial contamination.
We must pay special attention to genetic contamination that will occur even in frozen embryos, no matter what preservation and transportation methods are used. Two possible causes of genetic contamination in embryo banks are: (1) mistakes related to labels on cryotubes, and (2) unexpected mixing of embryos of two unrelated strains by errors in experimental procedures. Based on experience to date [2, 3] , measures against genetic contamination are required even after recovery of live animals. We need to establish genetic testing systems assuring genetic quality of embryos preserved in embryo banks.
Frozen embryos are usually recovered on demand. It takes about three weeks to obtain live animals from frozen embryos and another one month is required to certify genotypes of recovered animals, when we use ordinary methods of genetic monitoring on live animals [6] . However, it is preferable to perform genetic tests as soon as possible after the start of recovery procedures for live animals. The tests should be mainly on the embryos themselves. Therefore, we attempted to establish a genetic quality testing system for early stage embryos in the mouse.
Materials and Methods

Preparation of early stage embryos
Ova and sperm of CB6F 1 (BALB/cAnN × C57BL/ 6JJcl) were cultured in TYH medium for 7 h [9] and fertilized eggs with a secondary polar body were transferred to mWM medium to develop 2-cell embryos, which were preserved in liquid nitrogen [10, 11] . Thawed 2-cell embryos were developed to 8-cell embryos or morula stage embryos by culturing for 54 h and 71 h, respectively.
Preparation of genomic DNA from the extremely small number of cells
Four DNA preparation methods were examined to select the most appropriate one for preparation of template DNA for PCR from an extremely small numbers of cells. This preliminary study was carried out using spleen cells of the C57BL/6JJcl strain.
The first method was the ordinary method [7] , the second the DNA Extractor WB kit (sodium iodide method) (Wako, Osaka, Japan), the third the PUREGENE DNA Isolation kit (Gentra Systems, Minn, USA) and the fourth our original method (1 × PCR reaction buffer supplemented with proteinase K (Nacalai, Kyoto, Japan) at a concentration of 40 µg/ml).
Experimental procedures for the second and third methods are described in the experimental manuals supplied with the kits. Detailed procedures of the fourth method are described in the following section.
Preparation of template DNA for PCR from early stage embryos
Embryos were transferred to a plastic tube using a glass pipette with a fine tip (200 µm in diameter) and 20 µl of the lysis buffer described above was added. A drop of mineral oil was added to prevent evaporation of the buffer during incubation at 55°C for 60 min. After treatment, proteinase K was inactivated by heating the samples at 95°C for 5 min. Part of the buffer (3.5 to 5.0 µl) was used as template DNA for PCR.
PCR
PCR mixtures were prepared according to the experimental manual for Taq polymerase (TOYOBO, Osaka, Japan). PCR was performed using a Zymoreactor II AB-1820 (ATTO, Tokyo, Japan) under the following conditions: one cycle of the first DNA denaturation at 94°C for 2 min, 35 cycles of amplification (conditions of each cycle: denaturation at 94°C for 15 s; annealing at 55°C for 1.0 min; extension at 72°C for 30 s) and one cycle of final extension at 72°C for 3 min. PCR primers of five microsatellite markers (D3Mit54 with two alleles, D5Mit18 with two alleles, D6Mit15 with three alleles, D7Mit77 with three alleles and D8Mit50 with five alleles) used in this study were purchased from Invitrogen Corp. (CA, USA). These markers were selected based on the genotypes of 15 representative inbred strains (129/J, AKR/J, BALB/cAn, C3H/HeN, C57BL/6J, DBA/2J, IQI/Jic, MRL/MpJ-lpr, MSM/Ms, NC/Nga, NFS/N, NOD/Shi, NZB/N, NZW/ N and SWR/J) maintained in the Central Institute for Experimental Animals. PCR products were electrophoresed for 40 min at 100 V using 3% NuSieve ® GTG ® agarose (BMA, ME, USA) in TAE buffer. After electrophoresis, the gel was stained for 15 min in SYBR ® Gold (Eugene, ORE, USA) solution and the band pattern was recorded using FAS III (TOYOBO, Osaka, Japan).
The experimental protocol and design were approved by the Animal Experimentation Committee of the Central Institute for Experimental Animals (CIEA) and performed according to the CIEA Guidelines for Animal Experimentation.
Results
Preparation of genomic DNA from extremely small numbers of cells
Four methods for preparation of genomic DNA were attempted to select the most effective one using spleen cells adjusted to about 2, 5, 10, 20, 40, 80, 160, 320, 640 and 1,000 cells. Only our method was successful in preparation of template DNA for PCR from over 40 spleen cells detecting the D6Mit15 microsatellite marker (Data not shown). The other three methods were not effective for preparation of template DNA even using 1,000 cells.
Preparation of template DNA for PCR from mouse embryos
Preliminary studies were performed to determine the number of embryos required for genotyping using 2-cell, 8-cell and morula stage embryos. One, five and 10 of the 2-cell, 8-cell and morula stage embryos, respectively were treated with the lysis buffer and PCR was then performed to detect the D3Mit54 microsatellite marker. As a result, 10 of the 2-cell embryos, five of the 8-cell embryo and one morula stage embryo were required to detect the microsatellite marker.
Number of embryos required for identification of mouse inbred strains
Since 8-cell embryos obtained by a 54-h culture are easy to handle, the next stage of this study was performed using various numbers of 8-cell embryos. Figure 1 shows the PCR product bands of D5Mit18 obtained using 1, 2, 3 and 4 of the 8-cell stage embryos. Dose-dependent densities of the bands were clearly observed. Faint bands were observed even in three trials, a, b and c, of one 8-cell embryo.
Detection of four microsatellite markers (D3Mit54, D5Mit18, D6Mit15 and D8Mit50) was attempted using 20 µl of DNA templates obtained from 1, 2, 3, 4, 5 and 10 of the 8-cell stage embryos. All microsatellite markers were strongly detected using more than two embryos. Five morula embryos were sufficient for detection of five markers (the four markers and D7Mit77).
Discussion
We performed this study to establish a genetic quality testing system for early stage embryos, rather than late embryos or developed individuals.
We attempted to establish a method of preparation of genomic DNA which can be used as template DNA for microsatellite markers. The ordinary method and two DNA purification kits were not effective. The main reason appeared to be that the number of cells is too small to be isolated by these experimental procedures. In comparison, our original method was carried out without loss of genomic DNA from the extremely limited number of early stage embryos as shown in Fig. 1 .
This study focused on establishment of genetic quality testing in embryo banks that have been recently established in three regions, Japan, the USA and Europe. The same causes of genetic contamination of inbred strains should be considered even for embryos. Once genetic contamination occurs in strains including genetically engineered animals such as transgenic and knockout strains, their genetic backgrounds will be destroyed and transgenes and knockout genes may be lost. When we detect such contamination in animals recovered from frozen conditions, it is too late. To minimize losses including time and expense, genetic quality testing procedures should be undertaken in order to detect genetic accidents as soon as possible after the start of recovery procedures for live animals.
Five microsatellite markers (D3Mit54, D5Mit18, D6Mit15, D7Mit77 and D8Mit50) for genotyping of early stage embryos were selected by the authors for the following reasons: (1) they are located on different chromosomes, (2) they show genetic polymorphisms, and (3) they are easily distinguished due to their size differences on agarose gel. Theoretically, fifteen representative inbred strains of mice (129/J, AKR/J, BALB/ cAn, C3H/HeN, C57BL/6J, DBA/2J, IQI/Jic, MRL/ MpJ-lpr, MSM/Ms, NC/Nga, NFS/N, NOD/Shi, NZB/ N, NZW/N and SWR/J) are identified by the genotypes of these five markers. When the four markers except D7Mit77 are used, NOD/Shi and NFS/N and also AKR/ J and NZW/N show the same genotype. As a result, fifteen strains are classified into 13 groups. Generally, cells including ova, sperm and early stage embryos should be identified not only by strain but also by animal species and sex [4] . Genotyping of given transgenes in genetically engineered strains of mice should be performed. We did not attempt to detect these genes in this study, but our experimental procedures described in this paper could be applied successfully to such cases.
As described above, we have developed a genetic testing system for early stage embryos. The number of embryos frozen in a cryotube is usually 20 to 40. Two 2-cell embryos are cultured to develop 8-cell embryos, which are used to assure genetic quality prior to recovery of live animals. This system should be applied extensively in embryo banks that have been established worldwide.
